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Multi-dimensional quantitative analysis of
precipitates in the hot-rolled Al-1%Mn alloy

Seiichiro IT'*, Ken-ichi IKEDA? and Toru HARA'

Precipitates formed during the hot-rolling process of Al-1%Mn alloy were quantitatively characterized by 3-dimen-
sional (3-D) evaluation. The 3-D image was reconstructed using a serial sectioning technique by combining the fo-
cused ion beam and scanning electron microscopy (SEM). In the reconstructed 3-D volume, more than 10000 pre-
cipitates were extracted, and the log-normal distribution explained the size distribution well. We also quantitatively
evaluated the precipitates from the 2-dimensional (2-D) SEM image taken during the serial-sectioning and from the
scanning transmission electron microscopy (STEM) observation that the specimen was fabricated from the seri-
al-sectioned sample. According to the data evaluated from the 2-D and the 3-D images, the average size of the pre-
cipitation measured by the 3-D image was larger than that of the 2-D images of SEM and STEM. That is presumed
by the morphological anisotropy owing to hot rolling. We also discussed the effect of the number of the analyzed
precipitates on the average size and distribution. The average size significantly depends on the number of analyzed
precipitates. Besides, we evaluated the normality of the logarithmic distribution of the size by the Quantile-Quantile
plot.
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Table 1
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Chemical composition of the specimen used in this study

(mass%)

Si Fe Cu Mn

Cr Zn Ti Al

0.16 0.34 <0.01 0.99 <0.01

<0.01 <0.01 0.01 Bal.

RD(=X)

i ND(=Y)
TD(=2)

Fig. 1
system. (a) Conventional arrangement and (b) Orthogonally

Schematic drawing of typical configurations of the FIB-SEM

configured system. The geometry of the specimen in the serial
sectioning conducted in this experiment is also indicated in (b).

(a)

4

E

Fig. 2 (a) 3D volume of the hot-rolled Al-Mn alloy reconstructed
from the series of images taken by the serial sectioning technique,
and (b) precipitates extracted from the 3D volume in (a).
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Fig. 3 Histogram of the diameter of precipitates observed in Fig. 2
(b). The dashed line is the fitting profile of the histogram based on
the log-normal distribution.

Fig. 4 STEM-EDS analysis of Al-Mn alloy. The specimen was taken
from the serial-sectioned piece. The electron beam is parallel to the
TD direction. (a) STEM-ADF image. (b)- (¢) EDS maps showing
the distribution of (b) Mn, (c) Si, (d) Fe, and (e) overlayed Mn, Fe,
and Si, respectively. (Online version in color)

Fig. 5 The image of the TD plane on the surface of the constructed
3D volume viewed from the Z-direction in Fig. 2 (b).
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Fig. 6 Histograms of the diameter of precipitates observed in (a)
STEM image in Fig. 4 (a), (b) SEM image shown in Fig. 5. The
dashed lines are the fitting profile based on the log-normal
distribution.
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Fig. 8 Effect of the number of analyzed precipitates, V, on the histogram. In each histogram, N is (a) 250, (b) 500, (c) 1000, (d) 2500, and (e) 5000,
respectively.
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Fig. 9 Effect of the number of analyzed precipitates, N, on the
average diameter of the precipitates. The average diameter of all
precipitates detected in the 3D volume shown in Fig. 2 (b), 81.24
nm, is indicated in this graph with the dashed line. Error bars
represent a standard error.
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Fig. 10 (a) Q-Q plot of the distribution of the measured diameter, y,
and the theoretical one, x, based on the assumed log-normal
distribution with the average and standard deviation obtained from
measurement. The enlarged graph around the original point is also
shown in (b). In these graphs, vertical and horizontal axes represent
the difference from the average value of ¥ and y, respectively.
(Online version in color.)
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Fig. 11 Relationship between the coefficient of determination, RZ,
obtained from the least squares fitting of the Q-Q plot in Fig. 10
and the number of analyzed precipitates, N.
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